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Abstract 
 
Pd(0)-catalyzed Trimethylenemethane (TMM) cycloadditions are 
useful for creating functionalized rings for further synthetic 
purposes. A new starting material for this type of reaction has 
been synthesized via a 4-step process. 
Experimental Procedure 
The epoxide reagent, trimethyl-(2-oxiranyl-2-propenyl)-silane, is 
synthesized via a four-step process.  
 
 
 
 
 
 
 
 
In the first step, taken from one of Trost’s papers, n-BuLi is 
concentrated by using a vacuum pump to remove the hexane 
solvent. A mixture of ether and THF is added, and the methallyl 
alcohol is deprotonated twice. TMSCl is added and undergoes 
nucleophilic substitution at the deprotonated carbon and oxygen. 
 
In the second step, the OTMS ether is cleaved with .5 M H2SO4. 
 
 The third step is a Swern oxidation of the alcohol. DMSO is mixed 
with oxalyl chloride in CH2Cl2 at -78
oC. The dilute TMS alcohol is  
slowly added followed by the addition of Et3N after a short wait. 
 
In the fourth step, the aldehyde is added to trimethylsulfonium 
methyl sulfate and NaOH using a syringe pump over 12 hours. 
 
Due to the pyrophoric nature of n-BuLi, it is imperative that it be 
kept under an inert nitrogen atmosphere. In addition to being a 
safety concern, the n-BuLi will be wasted reacting with the water in 
the air rather than the β-methallyl alcohol. 
Background 
Palladium catalyzed cycloadditions are reactions used for five-
membered ring formation, discovered by Barry Trost, a chemist 
at Stanford University (Figure 1). 
 
 
 
 
 
 Figure 1. Mechanism of Pd(0)-catalyzed TMM cycloaddition 
 
One potentially useful modification to this process would be to 
use  an epoxide precursor (1; Figure 2) which would allow the 
production of a more functionalized structure than Trost 
created. 
This allows for more flexibility in later steps of synthesis, a 
beneficial quality especially in the manufacture of drugs and 
materials. 
 
 
 
Figure 2. Proposed mechanism of epoxide cylcoaddition 
 
The epoxide opening step of this hypothesized mechanism has 
been shown to occur. In the summer of 2012, Chris Miko 
performed a reaction between the epoxide and dimethyl 
malonate, using Pd(PH3)4 as a catalyst. The reaction was 
performed in situ in an NMR tube and the reaction progress 
was monitored over time. Since it was determined that the 
epoxide opens, a more economical method of creating the 
starting material was looked into. 
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Results and Future Work 
In the first trials of the first reaction, the process taken from 
the paper was simplified due to a lack of dry ether and a 
vacuum pump. Not surprisingly, these trials resulted in a 
poor conversion, under 25% most times. After acquiring a 
pump and dry ether, these conversions increased to 
between 60% and 70%.  
The second reaction had poor results for about four weeks. 
There was a problem with the workup step, corrected by 
simplifying it to only water and 2% HCl, and now the Swern 
oxidation has been largely successful. 
The epoxidation reaction has also been successful, 
confirmed by the NMR data below. However, when 
purifying the product, only a small amount of it is able to be 
isolated. More of these reactions will be done to amass 
more epoxide for the TMM cylcoaddition research.  
Future work to be done is to carry out the palladium 
catalyzed reactions with the epoxide.  
Figure 4. 1H NMR spectrum of purified epoxide 
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Figure 3. Mechanism of epoxide/dimethyl malonate reaction 
 
The preparation of the precursor epoxide begins with the synthesis of a 
TMS alcohol from β-methallyl alcohol. In previous years, propargyl 
alcohol was used in the production of the TMS alcohol. This synthesis 
utilized Grignard reagents, but the cost became high enough that the 
process was retired and replaced with an n-butyllithium reaction.  
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